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Abstract

Adjusting oceanwind obsenationsto a standardcheight, usually 10 m, requiresthe useof a
boundarylayer model, and knowledgeof the thermodynamicalariables. Height adjustments
complicatedby the fact that a necessaryparameterthe roughnesseight, cannotbe givenin a
closedform solution. If only the wind andreportingheightareknown, the bestthatcanbe done
is to assumeneutralstability. The determinationof roughnesseightis analyzedanda simple
approximationis giventhatis accuratefor windsin the rangeof 1—30ms1, for neutralstrati-
fication. This approximationwould alsobe anexcellentinitial estimatefor a Newton iterationto

determingheroughnes$eightprecisely whetheror not neutralstability is assumed.



1. Introduction

Adjustingocearnwind obsenationsto a standardeight,usually10 m requireghe useof boundary
layermodel,andknowledgeof the thermodynamicavariables.Whichever PBL modelis used,it

is necessaryo iterateto solve the constanflux layerequationsThis is dueto the factthatzy, the
roughnesdength,is animplicit function of the modelvariablesover the oceans.The Charnock

formulastateghatoverthe ocearzy andthe surfacestressmagnitudet| arelinearly relatedby
a
= —|1/. (1)
pg| |
Herea = 0.032,g=9.81ms 2, andp, thedensityof air, is assumedo be constanfor therange
of heightsconsiderec&andequalto its surfacevalue.However the surfacestressdeterminedrom

T=—-pG|V|V (2)

depend®n zy throughthe neutraldragcoeficient, andin the unstablecaseon the similarity func-
tion, usuallydenotedf (Ri) whereRi is the Richardsomumber In Eq. (2) V is thevectorwind at

someheightz,

V| is themagnitudeof the vectorwind, thedirectionsof thewind andstressvector
areassumedo be parallelfor therangeof heightsconsideredandthe dragcoeficientCy is given

by the productof the similarity function f (Ri) andthe neutraldragcoeficientis givenby

2
k

o [t] o
Here the von Karman constantk = 0.4. For neutralstratification,Ri = 0, and f(Ri) = 1. See
HoffmanandLouis (1990)for details.

NWP modelsusually“cheat” andusethevalueof t of the previoustime stepto find zg through
the Charnockformula. Actually usingold valuesto evaluatethe dissipatve termscanbe a good
policy asthis canreducecomputationainstability. But outsideof a modelwe mustcalculatezg

implicitly. For this purposewe substitutehe absolutevalueof Eq. (2) into Eq. (1) to obtain
20 = (a/g)CaV? = h(z0;Z Ri). (4)

To solve Eq. (4) we mustiterate.To begin the processHoffmanandLouis (1990)estimatedCy as

alinearfunctionof |V| andthenobtainedheinitial estimateof zy from the Charnockrelationship.

2



ThenEq. (4), zp = h, is iterated. This cornvergesto a goodapproximatiornwithin a few iterations.
It is thenpossibleto switchto a Newtoniterationto solve zop — h = 0. TheNewton methodrequires
the partial derivative of h with respecto zy. This canbe evaluatedusingthe tangentinear code
correspondingo the calculationof h by settingall inputsto zeroexceptfor thatcorrespondingo

Zp, Whichis setto unity.

2. Height correction for ocean winds

Knowing 7y is equivalentto knowing the stressandwe canthensolve Eq. (4) for |V| atary height,
z, if only we know the Richardsomumber In particular Eqg. (4) statesthat Cd% |V| is consered
aswe vary the heightz. However Ri dependon knowing the stratificationof the boundarylayer.
If only the wind andreportingheightareknown, the bestthat canbe doneis to assumeneutral
stability. This allows usto determineghe 10 m wind speedV;o| from anobsenationat someother

heightaccordingto:

Iog(10/Zo)]
Vil = | 227 11y 5
Vo = |t | ©)
Notethatoncezy is determinedthe neutralwind U, whichis definedby

T=—pCyn|U|U (6)

is easilydetermined.

3. Calculation of zy under neutral conditions

To apply Eq. (5) we still needto determinezy. Herewe demonstrat@ simpleapproximation.The
motivationis thatunderneutralconditions,for somefixed height,we expectwind speedsurface

stress,androughnesdeightto all increasetogether (DifferentiatingEg. (10), given below, we

dvi _ (i)
dz ak?

obtain

NIl

o ()]
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Table1: Samplecalculationsbasedon Eqg. (10). The zg valuesare equalto 2K but have been
multiplied by 10° for presentatiorin this table. The [Vi| valuesarein ms ! andarecalculated
usingEq. (10). Theratiosin columns4 and5 areequalto thetermin squarebracletsin Eq. (5).
Thelastcolumncontainsthe estimatedralueof zy from Eq. (12) for the valuesof [Vyq| listed.

kK 20| Vio| [Vio/Val [V1i0/Mrgs| | 2o(calc)
15 31| 3.1 1.08 0.950 35
11 488| 9.6 1.10 0.937 493

7 7813 27.7 1.15 0.915 5813

Thusd|V|/dzy/ > 0 provided z > €zy. This holdsfor wind speeddessthanhurricanestrength
andheightsof severalmetersor more.) The suggestiorthenis that zy shouldbe a monotonically
increasingfunction of |V|, andinterpolationinto a look-uptable,or a simplefit to a setof exact
valuesshouldwork.

For thisinvestigationit is corvenientto define
y=log(z/zp) and zy=ze. (8)
ThenEq. (4) specializedor neutralstability maybewritten as

ak?
—Y —_ 2 =
yle - VZi=y. (9)
GivenV andz, Eq.(9) determinegy. Now if we cantalulateor modely asafunctionof y, thenVv
andz would determiney, theny, andfinally zp usingEq. (8).

Of coursegiveny, it is trivial to calculatey. Thereforegivenzy andz we immediatelyhave

1
~ (%) whiog(2)
V_<ak2> Zp2log %) (20)
A few samplecalculationausingEq. (10) arepresentedh Tablel for heightsof 4, 10,and19.5 m.
Valuesof 7g givenby 2K areusedhereandin thefigurespresentedbelow.

In Tablel1 we seethat zy variesby morethantwo ordersof magnitudeaswind speedvaries

from3to 30ms—1. Overthis rangeof wind speedthecorrectionfactorsfor determiningVio| vary
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by roughly5%. This variationis the sameorderof magnitudeasthe correctionsandis therefore
worth accountingor.

Figure laplotsy asa function of log(y) for k=0,...,30. Clearlya linearfit will work well
over mostthe rangeof y. This is not unexpectedsinceaccordingto Eq. (9) logy = —y+ 2logy.

As k increaseszy,

V10|, andy decreasewhile y increasesFor example,for k=0, zy = 1 m and
V10| = 100m s, while for k= 30,2y ~ 109 mand|V 10| = 0.03m s™L. Fitting pointsfor k > 6,
correspondingo V10| <35m s~ (wheretheextremepointincludedis markedby theverticalline

in the plots)we find that

y=co+czlog(y) (11)

with cg = 3.7 andc; = —1.165.
CombiningEq. (8), Eq.(9), andEg. (11), we obtainour estimateof zg

20 = zexp[—(co+ c1 log[ (ak?V?) / (g2)])]. (12)

Figure 1b shaws the error of thefit in log space.ValuescalculatedusingEq. (12) areshowvn in
the lastcolumnof Tablel for the threecasedisted. The differencesare not tiny, but whenwe
recalculatehe ratiosof thewind speedsn columns4 and5 of thetable,theresultsarenearlythe
same.Usingthe sameprecisionasin thetablethe valuesarethe same exceptfor lastrow where

they differ in thelastsignificantfigure (the new valuesarel.14and0.917respectrely).

4. Concluding remarks

An approximatiorfor roughnesseight(Eq. (12)) is giventhatis accuratdor windsin therange
of 1—30m s ! underthe assumptiorof neutralstability. Valuesof zy thatvary with wind speed
shouldbe usedin correctingoceanwindsto a standarcheight. Typical correctionarein therange
of 5-15%,soassumingasinglevaluewill incurerrorsof afew percent. Ourapproximatiorwould

alsobeanexcellentinitial estimateto begin a Newton iterationto determinethe roughnesseight

preciselywhetheror not neutralstability is assumed.
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Figure1: Fitting y = log(z/z) asa functionof y = (ak?/gz)V2. (a) Thelinearfit to valuesof y
andlogyfor k=6,...,30is plottedasa dottedline. The datavaluesareplottedasdots. (b) Log
residualdor Eq. (12)fit of zg. For this calculationwe definethetrue valuesof zy andthen|V| for
the choservalueof z (10 m) usingEq. (10), andthenusethesevaluesof |V| andzin Eq. (12) to
determine. Theverticallinesidentify k = 6.

‘ e
o
g,
0
o
o | <
- (@)
Lo o]
> | <
o] <
A (@]
. O
. o
o]
e
3
15 10 5 0 20 15 10 5 0
a logy b logzg
References

Hoffman,R. N. andJ.-F. Louis: 1990, Theinfluenceof atmospheristratificationon scatterometer
winds.J. Geophys. Res., 95, 9723-9730.



